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Rhodnius barretti, a new triatomine species, is described based on adult specimens collected in rainforest envi- 
ronments within the Napo ecoregion of western Amazonia (Colombia and Ecuador). R. barretti resembles Rhodnius 
robustus S.I., but mitochondrial cytochrome b gene sequences reveal that it is a strongly divergent member of the 
"robustus lineage", i.e., basal to the clade encompassing Rhodnius nasutus, Rhodnius neglectus, Rhodnius prolixus 
and five members of the R. robustus species complex. Morphometric analyses also reveal consistent divergence from 
R. robustus s.l., including head and, as previously shown, wing shape and the length ratios of some anatomical struc- 
tures. R. barretti occurs, often at high densities, in Attalea butyracea and Oenocarpus bataua palms. It is strikingly 
aggressive and adults may invade houses flying from peridomestic palms. R. barretti must therefore be regarded as 
a potential Trypanosoma cruzi vector in the Napo ecoregion, where Chagas disease is endemic. 

Key words: Rhodnius barretti sp. nov. - Rhodniini - Amazonia - geometric morphometries - mitochondrial DNA 



The Triatominae are blood-sucking Reduviidae 
(Hemiptera, Heteroptera) notorious as the vectors of 
Trypanosoma cruzi, causative agent of Chagas disease. 
While all of the over 140 currently recognised triatom- 
ine species can potentially transmit the parasite among 
mammals, just a few are epidemiologically relevant vec- 
tors of human infection (Lent & Wygodzinsky 1979, 
Barrett 1991, Schofield & Galvao 2009). 

The tribe Rhodniini comprises two paraphyletic gen- 
era, Rhodnius and Psammolestes (Monteiro et al. 2000, 
2002). Most Rhodnius species preferentially breed in 
palm trees across their native ranges (Barrett 1991, Abad- 
Franch et al. 2009). Flying from palms, adult specimens 
frequently invade, and sometimes colonise, houses and 
peridomestic structures (Fitzpatrick et al. 2008, Gurgel- 
Gon9alves et al. 2008, Justi et al. 2010). Throughout 
Amazonia and several further Neotropical ecoregions. 
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invasion of houses and other premises by adult Rhodnius 
spp is probably the main mechanism underlying Chagas 
disease transmission, either as an endemic infection or 
in the form of outbreaks linked to food contamination 
(Grijalva et al. 2003, Aguilar et al. 2007, Valente et al. 
2009, Amunarriz et al. 2010, Calzada et al. 2010, Coura 
& Junqueira 2012). 

While the morphological traits of Rhodnius allow for 
easy genus-level identification, many species lack clear- 
cut diagnostic characters and remain difficult to iden- 
tify: a few species are near-sibling and others are in fact 
species complexes encompassing several cryptic taxa 
(Lent & Wygodzinsky 1979, Monteiro et al. 2003, Abad- 
Franch et al. 2009). Currently, the genus comprises 18 
named species occurring in Central and South Ameri- 
ca. Biogeographic and genetic data suggest a northern 
Palaeo-Amazonian origin of the tribe Rhodniini, which 
comprises two main lineages: the "pictipes lineage" 
and the "robustus lineage" (Abad-Franch & Monteiro 
2007, Abad-Franch et al. 2009). Cryptic speciation 
seems to have occurred along both lineages, including 
the clades comprising Rhodnius pallescens, Rhodnius 
robustus-prolixus, and Rhodnius pictipes (Monteiro et 
al. 2003, Pavan & Monteiro 2007, Abad-Franch et al. 
2009, Gomez-Palacio et al. 2012). On the other hand, 
phenotypic variation without significant genetic diver- 
gence has been recorded in several triatomine species 
(Schofield et al. 1999, Abad-Franch 2003). When cryptic 
speciation and phenotypic plasticity both occur within 
a single genus, it comes as no surprise that taxonomic 
errors arise: while cryptic taxa are overlooked, some 
species are formally described based on minor morpho- 
logical variation. Thus, Rhodnius milesi (Valente et al. 
2001) is probably a Rhodnius neglectus variant from 
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south-eastern Amazonia, Rhodnius zeledoni (Jurberg et 
al. 2009) closely resembles Rhodnius domesticus, and 
Rhodnius montenegrensis (da Rosa et al. 2012) likely 
represents one of the R. robustus lineages of Monteiro 
et al. (2003). Furthermore, some Rhodnius species, such 
as Rhodnius dalessandroi, Rhodnius paraensis or Rho- 
dnius amazonicus, have seldom been collected; their 
ecological-evolutionary characteristics and affiliations 
remain therefore unclear (Barrett 1991, Abad-Franch et 
al. 2009, Berenger et al. 2009). 

Integrative taxonomic approaches are particularly 
useful when the organisms of interest are prone to cryp- 
tic speciation, phenotypic plasticity, or both (Dayrat 
2005, Bickford et al. 2007). By combining morphologi- 
cal and molecular evidence, such approaches help solve 
systematic problems that would otherwise remain elusive 
(Monteiro et al. 2001, Abad-Franch & Monteiro 2005). 
In addition, they yield information on characters that can 
be measured under a variety of circumstances, including 
morphological traits allowing for rapid identification in 
the field; doubtful assignments can be resolved later by 
checking further traits in the laboratory (Monteiro et al. 
2001, Gurgel-Gongalves et al. 2008). 

Here, we use an integrative approach, including 
qualitative and quantitative phenotypic assessments and 
DNA sequencing, to elucidate the specific status of a 
Rhodnius population from the Napo ecoregion of west- 
ern Amazonia (Ecuador and Colombia). Marquez et al. 
(2011) also studied Napo specimens using morphometric 
and molecular techniques; their findings suggested that 
specific status was appropriate for this population. As 
for the "7?. robiistiis-Wke forms" of Marquez et al. (2011), 
the Napo specimens we studied were first identified as 
R. robustus; yet, detailed analyses showed them to be- 
long to a new species (Abad-Franch 2003, Abad-Franch 
& Monteiro 2005, Abad-Franch et al. 2009) , which we 
name Rhodnius barretti and formally describe in the 
present paper. 

MATERIALS AND METHODS 

Triatomines - We examined Rhodnius specimens 
from Puerto Asis, Colombia and from Francisco de 
Orellana and Lago Agrio, Ecuador. 

Morphology and morphometries - A Zeiss Stemi 
SVU stereomicroscope was used for the measurement 
and description of morphological characters. Linear 
measurements and head capsule landmark coordinates 
(Fig. 1, Table) were taken from 37 adult R. barretti 
specimens (34 from Colombia and 3 from Ecuador) and 
12 R. robustus s.l. (from Colombia, Ecuador, Bolivia, 
Brazil, French Guiana, Peru, Suriname and Venezuela). 
Landmark coordinates were recorded using tpsDig 1.18 
(Rohlf 1999a). Shape variables were computed using 
the Generalised Procrustes superimposition algorithm 
(Rohlf 1996), which derives a least-squares consensus 
configuration from raw coordinate data. "Partial warps" 
were then computed as deformations of each structure 
in relation to the consensus configuration using tpsRelw 
1.18 (Rohlf 1999b). Shape variables derived from partial 
warps were used as input for canonical variate (discrimi- 



nant) analysis and a plot showing the position of each 
specimen on the "shape discriminant space" was built 
with the first two canonical vectors (Fig. 2). Multivariate 
analyses were conducted using JMP 3.2.6 (SAS Insti- 
tute, Cary, NC, USA). 

Molecular analyses - Samples of four putative R. 
barretti specimens (2 from Ecuador and 2 from Colom- 
bia), consisting of one or two legs, were placed apiece 
in a 1.5 mL microtube, dipped into liquid nitrogen and 
ground to powder for DNA extraction using a Real Ge- 
nomics™ kit. A 663-bp fragment of the mitochondrial 
(mt) cytochrome b gene (cyt b) was polymerase chain 
reaction (PCR)-amplified as described in Monteiro et 
al. (2003). Amplicons were purified (Hi Yield™ Gel/ 
PCR DNA Extraction Kit, Real Genomics^M) and both 
strands were subjected to Sanger sequencing reactions 
(ABI Prism® BigDye* Terminator v. 3.1 Cycle Sequenc- 
ing Kit, Applied Biosystems) and run on an ABI 3730 
sequencer. Consensus sequences were computed and 
manually aligned as in Monteiro et al. (2003). Homolo- 
gous sequences from other members of the "robustus 
lineage" (R. robustus I-V, R. prolixus, R. neglectus and 
Rhodnius nasutus) were added to the alignment; one R. 
pictipes sequence was used to root the phylograms. The 
Hasegawa, Kishino and Yano model with a proportion 
of invariable sites was the best-fit model of nucleotide 
substitution (lowest Akaike Information Criterion value) 
for phylogenetic reconstruction; it was selected using 
jModeltest 0.1.1 (Posada 2008). 

A Bayesian phylogenetic tree for the complete data 
set of 13 Rhodnius sequences was inferred in BEAST 
1.6.1 (Drummond & Rambaut 2007) using a "two-parti- 
tions" [(1 + 2), 3] scheme of codon positions. A prior tree 
was randomly generated and a Yule process of specia- 
tion was imposed for all tree reconstructions. Two inde- 
pendent runs were performed for 10' generations, with a 
burn-in of lO'' generations. Convergence of parameters 




Fig. 1: dorsal (top) and lateral (bottom) views of a Rhodnius barretti 
head, showing linear measurements (1-8) (Table) and landmarks (tar- 
get spots) used in morphometric analyses. Bar = 1 mm. 



94 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 70S(Suppl. I), 201 3 



and proper mixing were confirmed by calculating the ef- 
fective sample size (ESS) in TRACER 1.5 (Drummond 
& Rambaut 2007), excluding the initial 10% (burn-in) 
of each run. All considered parameters had ESS > 10''. 
Runs were combined using LogCombiner and a maxi- 
mum credibility tree based on the 10,000 trees (burn-in 
= 2,000) was generated with a posterior probability limit 
of 0.6 using Tree Annotator (both part of the BEAST 
package). Statistical support for clades was assessed by 
the posterior probability method. The maximum-com- 
posite likelihood (M-CL) algorithm available in MEGA 
5 (Tamura et al. 2011) was used to estimate a species 
distance matrix and a heatmap was constructed in the 
R 2.13 program (Hornik 2011). Distance variance was 
estimated using 1,000 bootstrap pseudo-replicates. 

RESULTS 

R. barretti Abad-Franch, Palomeque 
and Monteiro, sp. nov. 
(Fig. 3) 

The possible existence of this new species was first 
noted by Abad-Franch (2003) and later mentioned by 
Abad-Franch and Monteiro (2005, 2007), Abad-Franch 
et al. (2009) and Marquez et al. (2011). 

Description - Total length: male 19.10-22.66 mm, 
female 20.30-24.66 mm. Maximum width of pronotum: 
male 4.0-4.7 mm, female 4.1-5.0 mm; maximum width of 
abdomen: male 5.6-6.2 mm, female 5.6-7.2 mm. Overall 
colour dark brown, slightly paler in some atypical speci- 
mens, with yellowish and/or brown-reddish markings 
and stripes on various parts of the body and appendages 
(Fig. 3). Head elongated, almost three times as long as 
wide across the eyes (1:0.36-0.41) and distinctly longer 
than the pronotum (1:0.72-0.80); granulose both laterally 
and ventrally; dark brown-blackish, with a dorsal, nar- 
row, light-coloured medial longitudinal stripe extend- 
ing from clypeus to neck base. Anteocular region ap- 
proximately four times as long as the postocular region 
(1:0.23-0.26); eyes large, in lateral view surpassing the 
lower, but not attaining the upper surface of the head. 
Ratio eye width-synthlipsis 1:0.9-1.0. Antennae with 
second article uniformly blackish brown, third article 
light yellow except dark brown basal fourth; fourth arti- 
cle light-coloured. Ratio of antennal segments 1:8.90-10 
.20:4.25-5.30:3.80-4.70. Rostrum dark brown-blackish, 
with the second segment extending beyond the level of 
ocelli and almost attaining the neck; ratio of rostral seg- 
ments 1:3.93-4.00:0.88-0.90. 

Pronotum dark brown-blackish, with submedian 
carinae and lateral margins light yellowish-brown, usu- 
ally as very narrow stripes but wider in paler specimens 
(Fig. 3). Posterior lobe with two dark brown-blackish 
longitudinal stripes between submedian carinae and on 
each side between submedian carinae and lateral mar- 
gins; these stripes are separated by slender light bands 
in typical dark specimens and by lighter, more conspicu- 
ous bands in paler specimens. Anterolateral angles of 
pronotum not prominent. Scutellum dark brown, with 1 
+ 1 light yellowish brown carinae, somewhat widened 
anteriorly and fused at the base of the light-coloured, 
narrowly-pointed scutellar process. 



Hemelytra dark brown, with veins bordered by con- 
spicuous but narrow light-coloured stripes; space be- 
tween veins uniformly blackish-brown on the corium, 
sometimes mixed with lighter diffuse spots on the mem- 
brane. Legs with coxae almost entirely blackish to dark- 
reddish-brown and lighter brown trochantera; femora 
dark reddish brown, tibiae of similar or slightly lighter 
colour, darker at apex in this latter case. Legs slender, 
with fore femora about 7.5-8 times as long as wide. 

Ventral surface of the abdomen dark brown, speckled 
with lighter brown in most, but not all specimens; longi- 
tudinal medial blackish line, which narrows towards the 
inter-segment lines and is flanked by 1 + 1 submedian, 
light, wider bands; in each segment, these bands are in 
turn flanked by 1 + 1 sublateral oblique longitudinal 
marks. Urosternites with a marginal, longitudinal darker 
band on each side, also bordered by lighter bands. Ven- 
trally, the connexivum is barely visible or completely 
covered by the urosternites; dorsally, it is light yellowish 
brown, with each segment almost completely covered 
by a large brownish-black spot that narrows somewhat, 
but only slightly in typical dark specimens, towards the 
posterior end. 

Type-locality - Municipality of Puerto Asis (0.50N 
76.50W), department of Putumayo, Colombia. 

Type data and depository - Holotype male: munici- 
pality of Puerto Asis (0.50N 76.50W), department of Pu- 
tumayo, Colombia, #3374; Allotype female: municipal- 
ity of Puerto Asis, department of Putumayo, Colombia, 
#3375; Paratypes: four males, municipality of Puerto 
Asis, department of Putumayo, Colombia, #3376-3379; 
four females, municipality of Puerto Asis, department of 
Putumayo, Colombia, #3380-3383; three males, munici- 
pality of Francisco de Orellana (0.45S 77.00W), Orellana 
province and municipality of LagoAgrio (0.08S 76.83W), 
Sucumbios province, Ecuador, #3384-3386. These speci- 
mens are deposited in the Triatominae Collection of the 
Instituto Oswaldo Cruz, Oswaldo Cruz Foundtion, Rio 
de Janeiro, Brazil, maintained by the Laboratorio Na- 
cional e Internacional de Referenda em Taxonomia de 
Triatomineos. Five males, municipality of Puerto Asis, 
department of Putumayo, Colombia, #CRUA-298, 300, 
303, 304, 487; 10 females, municipality of Puerto Asis, 
department of Putumayo, Colombia, #CRUA-297, 299, 
301, 302, 342, 447-450, 484. These specimens are de- 
posited in the Reduviidae Collection maintained by the 
Group of Biology and Infectious Disease Control, Uni- 
versidad de Antioquia, Medellin, Colombia. 

Distribution - R. barretti is known from the Napo 
moist forests of western Amazonia, which span the east- 
ern Ecuadorian lowlands (< 1,000 m altitude) and the ad- 
jacent areas of southern Colombia (south of the Caguan 
River) and northern Peru (north of the middle-lower Ma- 
rafion River). 

Bionomics - R. barretti has been collected in Attalea 
butyracea and Oenocarpus bataua palm trees in the 
Ecuadorian Amazon, but may also occur in other palm 
species (Abad-Franch et al. 2001, Noireau et al. 2002). 
These palm tree-living colonies are common and can 
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reach high densities (Abad-Franch et al. 2010); starved 
bugs are strikingly aggressive, readily attacking collec- 
tors in open daylight (F Abad-Franch & FS Palomeque, 
unpublished observations). In contrast, sympatric R. ro- 
hustus are typically found as small colonies (F Abad- 
Franch & FS Palomeque, unpublished observations). 
Field observations in Ecuador indicate that R. barretti 
adult specimens can invade houses (FS Palomeque, un- 
published observations), probably by flying from heav- 
ily infested peridomestic palms. 

Etymology - This species is dedicated to Dr Toby 
Vincent Barrett (National Institute for Amazonian Re- 
search, Brazil), in all likelihood the world's top authority 
on Amazonian triatomine ecology. 

Morphometries - Linear measurements and ratios are 
presented in the Table. Discriminant analysis of shape 
shows how specimens designated as R. barretti are dis- 
tinct from R. robustus s.l. specimens from a wide geo- 
graphical range (Fig. 2). The three Ecuadorian R. bar- 
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Fig. 2: geometric morpliometrics results: factorial map built witli the 
first two canonical vectors (CV) showing 100% head shape discrimi- 
nation between R. barretti sp. nov. (Colombia and Ecuador) and R. 
robustus s.l. (Bolivia, Brazil, Colombia, Ecuador and French Guiana). 
R. barretti are deposited at the Group of Biology and Infectious Dis- 
ease Control (BCEI) (Universidad de Antioquia, Medellin, Colombia) 
and Oswaldo Cruz Institute (IOC) (Rio de Janeiro, Brazil) collections. 
Ecuadorian specimens are marked as open circles. 



TABLE 

Anatomical structure metrics in adult Rhodnius barretti sp. nov. and Rhodnius robustus s.l. 



R. barretti 
sp. nov. 



Metric 



Description 



Male 



Feinale 



R. robustus s.l. 
Male Female 



Measurements (mm) 



Ratios 



Total length 
Maximum width of pronotum 
Maximum width of abdomen 
Outer (maxiinum) distance across eyes (#1 in Fig. 1) 
Synthlipsis (#5 in Fig. 1) 
Anteocular distance (#3 in Fig. 1) 
Postocular distance (#4 in Fig. 1) 
Total length of head (#2 in Fig. 1) 
Length of first rostral seginent (#6 in Fig. 1) 
Length of second rostral segment (#7 in Fig. 1) 
Length of third rostral segment (#8 in Fig. 1) 
Total length:head length 
Total length:pronotum width 
Total length:abdomen width 
Abdoinen widthipronotum width 
Head length:head width 
Head length:pronotum length 
Eye width:synthlipsis 
Anteocular region:postocular region 
First:second antennal segments 
Firstithird antennal seginents 
Firstifourth antennal segments 
First:second rostral segments 
First:third rostral segments 



19.1-22.7 
4.00-4.70 
5.70-6.00 
1.60-1.87 
0.47-0.61 
2.50-3.05 
0.65-0.80 
4.10-5.00 
0.80-1.00 
3.50-4.00 
0.78-1.00 
1:0.21-0.22 
1:0.21 



0.27-0.30 
0.70-0.78 
0.36-0.41 
0.72-0.80 
0.90-1.00 
0.23-0.26 
8.90-10.2 
4.25-5.30 
3.80-4.70 
3.93-4.00 
0.88-0.90 



20.3-24.7 
4.10-5.00 
5.60-7.20 
1.60-1.93 
0.56-0.70 
2.50-3.30 
0.55-0.85 
4.00-5.25 
0.96-1.08 
3.30-4.20 
0.80-0.91 
1:0.20-0.21 

1:0.20 
1:0.28-0.29 
1:0.69-0.73 

1:0.40" 
1:0.70-0.80'- 
1:0.75-1.00" 

1:0.25" 
1:7.60-10.2" 
1:5.40-6.30" 
1:3.40-4.40" 
1:4.10-4.40" 
1:0.90-1.00" 



20.0-23.5" 
4.50-5.00" 
6.00-7.00" 

NR 
0.46-0.52" 
2.52-2.67* 
0.65-0.72* 
3.97-4.24* 
0.70-0.75* 
2.99-3.14* 
0.87-0.93* 
1:0.18-0.20' 
1:0.21-0.23" 

1:0.30" 
1:0.71-0.75" 



23.0-26.0° 
5.00-6.00" 
6.00-7.50" 

NR 
0.52-0.57* 
2.66-2.83* 
0.68-0.72* 
4.17-4.44* 
0.75-0.81* 
3.08-3.36* 
0.87-0.96* 
1:0.17-0.18' 
1:0.22-0.23" 
1:0.26-0.29° 
1:0.80-0.83° 



a: after Lent and Wygodzinsky (1979); b: mean ± two standard errors (SE), with values taken from Harry (1994); c: with head 
length taken from Harry (1994); NR: not reported. Note that some measurements are given as ranges and some as the mean ± two 
SE and are therefore not directly coinparable. 
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Fig. 3: Rhodnius barretti (left) and sympatric Rhodnius robustus s.l. 
(right) from north-eastern Ecuador: general aspect of adult specimens 
in dorsal view. The inset shows the head and pronotum of an atypical, 
paler form of R. barretti. 



retti paratypes are clearly nested within the Colombian 
type material; in addition, this type group overlaps with 
further specimens from Colombia. 

Molecular analysis - The analysis of 13 sequences 
of Rhodnius for the cyt h gene fragments (663 bp) re- 
vealed 201 variable sites, 31 (15.4%) of which were au- 
tapomorphies oiR. barretti. Three haplotypes were iso- 



lated from R. barretti specimens (GenBank accessions 
JX273159-JX273162); Colombian bugs shared the same 
cyt b haplotype, which closely resembled the other two, 
present in Ecuador. The finding of three haplotypes in 
a sample of four bugs (mean distance = 0.3%; variance 
= 0. 1%) is suggestive of high levels of genetic diversity. 
R. barretti cyt b sequences are unmistakably different 
from those of other "robustus lineage" members. Such 
deep divergence is shown in the phylogram presented 
in Fig. 4; all R. barretti specimens cluster together in 
a 100%1-supported clade that is basal to the rest of "ro- 
bustus lineage" species, including R. nasutus and R. ne- 
glectus. Pairwise cyt b sequence divergence between R. 
barretti and the other Rhodnius species, computed via 
M-CL, was very large, ranging from 7.4-10.7%) (darker 
colours in the heatmap of Fig. 4). These values are larger 
than those between the four members of the R. robustus 
cryptic species complex and R. nasutus or between R. 
robustus I-V and R. neglectus. The pairwise sequence 
divergence between Ecuadorian R. barretti and sym- 
patric, field-collected R. robustus is 7.5%. Overall, the 
genetic distance between R. robustus and R. barretti is 
8.7%) (variance = 2%o; range, 7.4-9.7%o). This is strong ev- 
idence that R. barretti represents a distinct entity within 
the "robustus lineage". 

Taxonomic discussion - Phenotype-based differen- 
tiation oi R. barretti from R. robustus, the most closely 
related species found in sympatry, is difficult. However, 
sympatric Ecuadorian bona fide R. robustus (genotype 
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Fig. 4: bayesian consensus tree of 13 663 bp cyt h Rhodnius sequences and a heatmap illustrating genetic distance values. Posterior probabilities 
> 0.95 are shown for key nodes. Squares in the heatmap illustrate pairwise genetic distance values between sequences, with darker colours rep- 
resenting larger distances (see scale bar). Collection sites and GenBank accessions are: Rhodnius prolixus - Portuguesa, Venezuela, EF011723; 
Rhodnius robustus I - Trujillo, Venezuela, AF421340; R. robustus II - Napo, Ecuador, AF421341; R. robustus III - Para (PA), Brazil, AF421342; 
R. robustus IV - PA, Brazil, AF421342; R. robustus V - Novo Airao, Amazonas (AM), Brazil, JX273158; Rhodnius nasutus - Ceara, Brazil, 
JX273155; Rhodnius neglectus - Tocantins, Brazil, JX273156; Rhodnius pictipes - AM, Brazil; Rhodnius barretti - Lago Agrio, Sucumbios, 
Ecuador (1), JX273159; R. barretti - Lago Agrio, Sucumbios, Ecuador (2), JX273160; R. barretti - Puerto Asis, Putumayo, Colombia (1 and 2), 
JX273161 andJX273162. 
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II) are conspicuously larger and lighter-coloured (Fig. 4), 
which should provide a means for field identification by 
well-trained local entomologists. In addition, the length 
ratios of several anatomical structures appear to be 
consistently different from those typically reported for 
R. robustus s.l. (Table). In particular, R. barretti heads 
seem to be longer relative to total body length (with the 
head accounting for -20-22% of total length) than those 
of R. robustus s.l. (-17-20%). The third antennal seg- 
ment appears to be relatively shorter in R. barretti (up to 
5.3 times as long as the first segment, vs. up to 5.6 in R. 
robustus S.L); similarly, the second rostral segment is up 
to 4.0 times as long as the first one in R. barretti, vs. up 
to 4.4 times in R. robustus s. I Finally, the scutellar proc- 
ess is narrowly pointed in R. barretti, but stout/rounded 
in sympatric R. robustus (Fig. 4). Although these differ- 
ences will need to be confirmed with further samples, 
dubious assignations can be resolved, as shown above 
and in Marquez et al. (2011), using morphometries and/ 
or DNA analysis. 

DISCUSSION 

We described R. barretti on the basis of an integra- 
tive assessment including mtDNA sequencing, morpho- 
metries and qualitative phenotype traits (Abad-Franch & 
Monteiro 2005, Schofield & Galvao 2009). As for the 
rest of species within the "robustus lineage", R. barretti 
is hard to distinguish from its closest relatives based 
only on phenotype (Lent & Wygodzinsky 1979). Still, 
R. robustus genotype II, the only member of the lineage 
recorded to date in the Napo ecoregion (Abad-Franch et 
al. 2009), can be distinguished from R. barretti by its 
overall larger size and lighter colour (Fig. 4); it was this 
difference, in fact, that led one of us to suspect that a 
distinct taxon might co-occur withi?. robustus in north- 
eastern Ecuador (Abad-Franch 2003). In addition, the 
length ratios of some anatomic structures and the apex 
of the scutellar process appear to be consistently differ- 
ent from those of R. robustus s.l. Although we have so 
far systematically compared only a small sample, R. bar- 
retti nymphs also seem to differ from those of sympat- 
ric R. robustus populations. The former are overall dark 
brown-reddish with strikingly black markings on the 
thorax and wing pads; the head is very dark except for 
a slender, median dorsal stripe and the legs are brown- 
reddish with little difference between tibiae and femora. 
R. robustus nymphs are of much lighter overall colour, 
with brown markings on a yellowish background; their 
tibiae are usually visibly lighter than the femora (Lent & 
Wygodzinsky 1979). 

Morphometric analyses can help delineate species 
boundaries among nearly-cryptic triatomine taxa and 
are useful for solving taxonomic doubts when adult 
specimens are involved (Gurgel-Gon9alves et al. 2008). 
However, and despite consistent phenotype-based evi- 
dence, including wing shape differentiation reported by 
Marquez et al. (2011), it was the results of mtDNA se- 
quence analysis that gave us confidence to conclude that 
the atypical Napo population belongs to a new species 
(Marquez et al. 2011). MtDNA sequencing provides in- 
sight on the taxonomic status and phylogenetic relation- 



ships of problem specimens (Abad-Franch & Monteiro 
2005, Justi et al. 2010) and allows for the development of 
PCR-based species-identification assays (Pavan & Mon- 
teiro 2007, Pavan et al. 2013). While mtDNA sequencing 
results might be difficult to interpret when reciprocally 
monophyletic sister clades are separated by low levels (< 
4%)) of sequence divergence (Wiemers & Fiedler 2007), 
this was not the case with R. barretti, whose divergence 
from its closest relatives is > 8.7%i. According to the cyt b 
strict molecular clock proposed by Pfeiler et al. (2006) for 
triatomines, both lineages have probably been evolving 
independently for about four-nine million years. Marquez 
et al. (2011) also reported cyt b distances (Kimura 2-pa- 
rameter) > 10%); inter-species comparisons show that 
the smallest cyt b distance within the genus Rhodnius 
(a 4.3%o distance) is that between the phenotypically and 
ecologically well-differentiated Rhodnius brethesi and 
Rhodnius stall (FA Monteiro & MG Pavan, unpublished 
observations). Marquez et al. (2011) showed, in addition, 
that one R. barretti nuclear 28S rRNA D2 variable region 
sequence was different from those oi other Rhodnius spe- 
cies and genotypes available in GenBank. 

We finally note that there could remain some doubts 
as to whether the Napo population could in fact be R. 
dalessandroi Carcavallo and Barreto 1976. This little- 
known species, collected from Oenocarpus palms in 
the Amazon-Orinoco transition, was excluded from the 
classic monograph by Lent and Wygodzinsky (1979) and 
there is no DNA sequence available. Yet, comparison 
with R. dalessandroi descriptions (Carcavallo & Barreto 
1976, Martinez 1984) clearly suggests that R. barretti 
and R. dalessandroi are distinct entities. Morphological 
differences include head/neck and urotergite colouration 
and hemelytron:abdomen, antenna article and rostrum 
segment length ratios (Carcavallo & Barreto 1976, Mar- 
tinez 1984). These species, in addition, occupy sharply 
different ecoregions (Abad-Franch et al. 2009). 

In conclusion, the results we report here show how 
an integrative systematic appraisal can help uncover 
apparently cryptic diversity even within relatively well- 
studied taxonomic groups. A hitherto undescribed spe- 
cies of Rhodnius was discovered in the rainforest of the 
Napo ecoregion - one of the major biodiversity hotspots 
on Earth (Olson & Dinerstein 1998, Gaston 2010). This 
sub-region of Amazonia has also been the focus of de- 
tailed surveys on Chagas disease epidemiology over the 
last two decades (Amunarriz et al. 1991, 2010, Chico et 
al. 1997, Aguilar et al. 1999, Grijalva et al. 2003, Gue- 
vara et al. 2013). All of them converge towards a coher- 
ent set of conclusions: (i) that the infection is endemic in 
the region, with about 2-4%) seropositivity among local 
residents, (ii) that T. cruzi transmission to humans has 
been continuous over the last decades and is currently 
active and (iii) that such transmission is maintained by 
adventitious adult triatomines that invade, but do not 
colonise, human dwellings. Within the genus Rhodnius, 
R. pictipes and R. robustus were up to now blamed for 
this scenario (Abad-Franch et al. 2001, Noireau et al. 
2002); our data suggest that R. barretti might also be in- 
volved. In addition, a study of the biology and bionomics 
of Ecuadorian R. barretti specimens, at the time identi- 
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fied as R. rohustus (Palomeque et al. 2003), showed that, 
under laboratory conditions and fed on mouse blood, R. 
barretti (i) can produce two generations per year, with a 
mean egg-to-adult time of 128 ± 7 days, (ii) require about 
290 mg of blood to complete development and (iii) often 
defaecate (especially older nymphs and adults) during or 
a few minutes after feeding. These bionomic traits, com- 
parable to those of R. proUxiis, suggest that R. barretti 
may be an efficient vector of T. criizi (Palomeque et al. 
2003). Our preliminary observations suggest high rates 
of natural T. cruzi infection among bugs collected in 
Ecuador (FSP, unpublished observations). R. barretti is 
therefore a new candidate vector species, and its biologi- 
cal and behavioural characteristics suggest that it may 
play a significant role in Chagas disease epidemiology 
in the Napo ecoregion. 
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